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Major Goals:  The major tasks and objectives of this project include:



Modeling analysis of inter-phase interactions in exchange-coupled hybrid magnets;



Investigation of interface effect on the inter-phase interactions;



Fabrication of hard/hard, hard/semi-hard, hard/hard/soft nanocomposite hybrid magnets;



Fabrication of anisotropic bulk hybrid magnets.

Accomplishments:  We have succeeded in synthesizing a variety of magnetic nanoparticles and nanostructured 
hybrid and composite systems. Among which we prepared cobalt nanowires with high aspect ratio via a 
solvothermal chemical process, with a diameter of about 15 nm and a mean length of 200 nm. Based on the shape 
anisotropy and orientation of the nanowire assemblies, a record high room-temperature coercivity of 12.5 kOe has 
been measured in Co nanowires which is corresponding to an energy density of >40 MGOe (assuming a 100% 
mass density).

It was observed in our experiments that not only the coercivity, the remanent magnetization of the nanowire sample 
also increased greatly upon alignment, leading to the remanent magnetization ratio Mr/Ms of 0.92 (in comparison 
with ~0.5 of un-aligned samples), which is an almost doubled value compared to the randomly aligned system 
(while the saturation magnetization remained unchanged). Consequently, the “squareness” of the loop is 
significantly increased (to 0.78 from ~0.6). This change is a typical Stoner-Wohlfarth behavior of a single-domain 
particle system upon magnetic alignment. Based on the model, for an ideal single-domain particle system with 
identical magnetic properties of each particle, the magnetically aligned assemblies will gain coercivity and 
remanence values twice that of the corresponding randomly oriented system. This “sharp” behaviour has been 
rarely observed in actual hard magnetic materials for the reason that identical single-domain particles are difficult to 
prepare experimentally. The present results also support the statement that the total anisotropy field of the 
nanowire system is the sum of the magnetocrytalline anisotropy field and the shape anisotropy field (16.6 kOe in 
total, at room temperature).
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Abstract:  Nanocrystalline Fe100?xCox (x = 20, 35, 50, 60) alloys have been prepared by mechanical alloying of 
Fe and Co powders via high energy ball milling. The alloy formation process and microstructure evolution of the 
samples have been investigated. Energy filtered transmission microscopy (EFTEM) observations revealed the 
strip formation of the Fe and Co phases at an initial stage of milling. The final grain size of the equiaxed grains in 
the obtained alloys reached 8 nm upon milling for 20 h. The saturation magnetization of the mixtures of Fe and Co 
increases with milling time, indicating an increasing homogeneity in composition and the phase formation. It is 
found that the saturation magnetization is also dependent on the Co content, which reaches the highest value of 
240 emu/g at Fe65Co35. The phase transformation of the as-prepared FeCo alloys was also studied using 
differential scanning calorimetry.
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Keywords:  compaction, density
Abstract:  Plastic deformation of NdFeB nanocrystalline magnets has been performed at relatively low 
temperatures but high pressures compared to conventional hot deformation. The effect of deformation conditions 
on the crystallography texture of the anisotropic NdFeB magnets has been studied. It was observed that both 
deformation temperature and pressure loading rate significantly affect final crystallographic texture and thus 
magnetic properties. Energy product increases from 31 to 44 MGOe by simply reducing pressure loading rate 
from 300 MPa/min to 50 MPa/min. Microstructure observations confirm that better crystallographic texture has 
been obtained in the deformed magnets with a lower pressure loading rate.
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Abstract:  The effect of a magnetic field on microstructure and magnetic properties of Nd2Fe14B-based melt-
spun ribbons is investigated. The magnetic field was applied in perpendicular or parallel direction to the ribbon 
plane during quench with a field strength up to several kilo Oersteds. The XRD patterns and TEM graphs show a 
strong grain size reduction upon the magnetic field application. The magnetic field also enhances the (00l) texture 
of ribbons when the field is perpendicular to the ribbon plane. The refined microstructure with significantly reduced 
grain size leads to enhanced magnetic exchange interactions between the hard and soft phases in the 
Nd2Fe14B/Fe nanocomposite ribbons. This magnetic field-assisted melt-spinning technique is promising for 
producing nanocomposite magnets with enhanced energy density.
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Abstract:  NanoscalehybridmagnetscontainingSmCo5 and Nd2Fe14B hardmagneticphaseshavebeenproduced 
via anovel‘‘in-one-pot’’processingroute.Thegrainsizeoftheprocessedbulkcompositematerialsis 
controlledbelow20nm.Therefinementofthenanoscalemorphologyleadstoeffectiveinter-phase 
exchangecouplingthatresultsinsingle-phaselikemagneticproperties.Energyproductof14MGOe was 
obtainedintheisotropicnanocompositemagnetsatroomtemperature.Atelevatedtemperatures, the 
hybridmagnetshavegreatlyimprovedthermalstabilitycomparedtotheNd2Fe14B single-phase 
counterpartandhavesubstantiallyincreasedmagnetizationandenergyproductscomparedtothe single-phaseSmCo5 
counterpart.
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Abstract:  This is a review article on recent progress in nanostructured permanent magnets by N. Poudyal and J.
P. Liu, published in J. of Physics D: Applied Physics, 46 (2013) 043001 (23pp).
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